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This invention relates to a new composition of 
matter and, more particularly, is directed fo a 
new chemical compound, namely, tetrachloro- 
thiolane, and to a method for producing the 
same. 
The direct reaction between thiophene and 
chlorine is well known in the art and proceeds 
easily and rapidly under normal conditions to 
yield a thiophene-halogen reaction mixture com- 
prising unreacted thiophene, monochlorothio- 
phene, dichlorothiophene, trichlorothiophene, 
tétrachlorothiophene, and addition products of 
thiophene. 
To obtain a clear-cut separation of the various 
chlorothiophenes, the method developed over six- 
ty years ago and accredited to Victor Meyer bas 
heretofore generally been employed. This method 
involves heating the crude chlorination reaction 
mixture with alcoholic potassium hydroxide for 
several hours, followed by addition of water and 
subsequent steam distillation and fractionation of 
the mixture so obtained to yield the various 
chlorothiophenes. The aforesaid treatmenç with 
alcoholic potassium hydroxide bas heretofore de- 
stroyed the addition products of thiophene formed 
during the course of the chlorination reaction. 
In accordance with the present invention, if 
bas now been discovered that a new and useful 
chemical can be isolated from the reaction mix- 
ture of thiophene and chlorine. This new com- 
pound bas been identified as tetrachlorothiolane 
and is produced in accordance with the method 
of this invention by treating thiophene under con- 
trolled conditions of temperature with less than 
4 moles of chlorine per mole of thiophene and 
thereafter chilling the resulting reaction mixture 
to yield crystals of tetrachlorothiolane. The new 
compound is characterized by the structural for- 
mul a: 
ci / \s / \Cl 
This compound may be viewed as a product of 
the addition of chlorine to the two double bonds 
of thiophene. If is prepared by the procedure 
described herein, upon chlorination of thiophene 
with less than 4 moles of chlorine per mole of 
thiophene and thereafter removing tetrachloro- 
thiolane by crystallization thereof from the re- 
sulting reaction product liquid. 
The molar ratio of chlorine to thiophene em- 
ployed in the present process will be between 
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about 0.5 and about 3. As will be shown herein- 
after the use of smaller amounts of chlorine re- 
sults in extremely low yields of the desired com- 
pound, whfle the presence of an excess of chlo- 
5 fine, that is, 4 moles of chlorine per mole of thio- 
phene or greater amounts, gives fise to a reaction 
product mixture from which no tetrachlorothio- 
lane is isolated. It is, accordingly, an essential 
feature of the present process that an excessive 
10 amount of chlorine be avoided. Under the usual 
operating conditions, the amount of chlorine em- 
ployed will be between about 1 and about 3 moles 
of chlorine per mole of thiophene. Particular 
preference is accorded a molar ratio of chlorine 
15 to thiophene of about 2. 
While the temperature ai which chlorination 
is effected may extend from --30 ° C. to about 
100 ° C., the preferred temperature range will gen- 
erally be between about 0 ° C. and about 50 ° C. 
0 As a practical matter, it appears that the lower 
the temperature of chlorination, the greater is 
the yield of chlorinated mixture obtained, ttow- 
ever, the overall yield of desired tetrachloro- 
thiolane is a maximum when chlorination is ef- 
5 fected ai a temperature between about 0 ° C. and 
about 50 ° C., and particularly in the range of 
about 20 ° C. to about 30 ° C. If bas been round 
that tetrachlorothiolane can be separated with 
a minimum of difliculty from the mixture result- 
30 ing upon chlorination of thiophene in the afore- 
mentioned preferred temperature range. 
At the completion of chlorination, the result- 
ing reaction product mixture is cooled to a tem- 
perature below 0 ° C. and preferably in the range 
35 of --30 ° C. fo --70 ° C., ai which crystallization 
of tetrachlorothiophene takes place. The sepa- 
ration of tetrachlorothiolane by crystallization 
from the reaction product liquid is facilitated by 
the use of a solvent such as petroleum ether. 
40 While the use of such solvent is not absolutely 
necessary, it is desirable, particularly when the 
molr ratio of chlorine to thiophene is between 
about 2 and about 3, since the speed ai which 
crystallization of the tetrachlorothiolane occurs 
45 is thereby perceptibly increasedi The resulting 
crystals of tetrachlorothiolane are then separat- 
ed by filtration, centrifuging or other suitable 
means. 
The new compound of this invention is a white 
50 crystalline solid with a melting point of 111.5- 
113.5 ° C. The compound contains reactive chlo- 
fine capable of entering into a number of differ- 
enç cheznical reactions and may serve as an in- 
termediate in chemical synthesis of compounds 
55 suitable for use in the pharmaceutical, dye, and 



allied industries. Composition of the new com- 
pound was established by the following analysis: 

Carbon ...................................... 
Calc. 
for 
Found C4H4ChS 
21.27  21.26 
Hydrogen ................................... I 6.8 1.79 
C hlorine .................................... I 14:8 62.76 
Sulfur ....................................... I 14.19 

The tact that tetrachlorothiolane was formed 
from thiophene and was converted upon treat- 
ment with alcoholic potassium hydroxide into the 
four different dichlorothiophenes established the 
ring structure. An infra-red absorption spectra 
of a saturated solution of the compound in car- 
bon tetrachloride showed no evidence of unsatu- 
ration characteristic of the thiophene nucleus 
and no olefinic bonds. The boiling point of the 
compound was 111.5 ° C. at 3.4 millimeters of 
mercury. The molecular weight as determined 
by the ebullioscopic method was 225 as compared 
with a catculated value of 225.6. 
The following examples will serve to illustrate 
the process of this invention without limiting 
the saine: 
Example 1 
Thirty-five lmndred grains of thiophene were 
chlorinated ai a temperature of 30-40 ° C. The 
chlorine was added over a period of about 13 
hours untfl the total weight was 5307 grains. 
The reaction mixture was cooled to yield a white 
crystalline precipitate. The crystals so obtained 
were filtered from the liquid reaction product and 
were round to have a melting point of 103-111 ° C. 
Purification was effected by recrystallization 
from ASTM naphtha-carbon tetrachloride or 
from benzene-petroleum ether. This gave a 
product which was identified as tetrachlorothio- 
tarte, having a melting point of 111.5-113.5 ° C. 

4 
Example 5 
Six and two-tenths moles of thiophene (520 
grains) were reacted with 5 moles of chlorine. 
The reaction mixture temperature was main- 
5 tained at 20-30 ° C. during the chlorination by 
external cooling. The weight of the chlorinated 
mixture was 745 grains. The mixture was then 
chilled to --70 ° C. and maintained at this tem- 
perature for a period of 4 hours. The resulting 
10 white crystalllne product was filtered from the 
liquid reaction mixture to yield 74 grains of tetra- 
chlorothiolane. 
Examples 6 to 10, as set forth in the table below, 
were run under comparable conditions to deter- 
15 mine the effect of the degree of chlorination on 
the yield of tetrachlorothiolane. In each in- 
stance, 5 moles of thiophene were chlorinated ai 
a temperature of 20-30 ° C. and the resulting re- 
action mixture was kept at --70 ° C. for 4 hours 
20 and thereafter filtered to obtain crystalline tetra- 
chlorothiolane. 
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Example 2 
Thiophene was reacted witl] an equimolar 45 
amount of chlorine. The temperature of the re- 
action mixture was maintained ai 38-55 ° C. by 
cooling. One hundred thirty-five and one-quar- 
ter pounds of the resulting chlorinated mixture 
were kept at --29 ° C. for a period of about 17 
50 
hours. The reaction mixture was thereafter fil- 
tered to yield 12.75 pounds of crystalline tetra- 
chlorothiolane. 
Example 3 
Five moles of thiophene (420 grains) were re- 55 
acted with 10 moles of chlorine. The tempera- 
ture of the mixture was kept at --30 ° C. during 
the reaction by external coolingi The weight of 
the chlorinated mixture was 920 grains. The 
mixture was cooled fo 70 ° C., where crystalliza- 60 
tion occurred. The mixture was filtered to yield 
43 grains of a crystalline product which mas iden- 
tified as tetrachlorothiolane. 

Mole 
Chlorine 
per ]Viole 
Thiophen{ 
0.6 
1.0 
2.0 
3.0 
4.0 

Weight 
Reaction 
Mixture 
(grams) 
88,t 
1,066 

Tetra- 
chloro- 
thiolane 
(grams) 

Product 
Wcight 
Per cent 
6.3 
9.8 
10. 6 
3.0 

Yicld 
Per cent 
Bascd on 
Thiophcne 

2.5 
5.6 
8.2 
2.8 

Example 4 65 
Five moles of thiophene (420 grains) were re- 
acted with 10 moles of chlorine. The reaction 
mixture was maintained at 65-30 ° C. during the 
chlorination by external cooling. The weight of 70 
the chlo_rinated mixture was 847 grains. The 
mixture was cooled to --70 ° C., where crystalliza- 
tion occurred. The mixture was filtered fo yield 
40 grains of a product which was identified as 
tetrachlorothiolane. 75 

It will be noted from the above table that tl]e 
molar ratio of chlorine to thiophene is an im- 
portant factor in the process of this invention. 
Thus, it will be seen from Example 10 that when 
the molar ratio of chlorine to thiophene was 4, 
no tetrachlorothiolane could be obtained. It is 
to be further noted that the yield of desired com- 
pound was almost the same when the molar ratio 
of chlorine to thiophene was 0.5 as it was when 
the molar ratio was 3. The maximum yields of 
tetrachlorothiolane, however, were realized when 
the molar ratio of chlorine to thiophene was in 
the range of 12. It is to be further noted from 
the above examples, particularly Examples 3, 4, 
and 8, that as the temperature of chlorination 
was reduced from 65-80 ° C. to about --30 ° C., the 
amount of chlorinated reaction product obtained 
increased. However, it will be seen that, while 
the amount of chlorinated reaction product ob- 
tained in Example 3 was greater than that ob- 
tained in either Examples 4 or 8, the overall yield 
of tetrachlorothiolane was greatest in Example 8, 
wherein the chlorination of thiophene was 
effected at a temperature of 20-30 ° C. Accord- 
ingly, chlorination in this latter temperature 
range is a preferred embodiment of the present 
invention. 
I claire: 
1. A method for preparing tetrachlorothiolane, 
comprising reacting thiophene with less than 4 
moles of chlorine per mole of thiophene and 
thereafter cooling the resulting reaction product 
liquid to a temperature at which crystallization 
takes place and removing the crystals of tetra- 
chlorothiolane so obtained. 
2. A method for preparing tetrachloroti]iolane, 
comprising reacting thiophene with between 
about 0.5 and about 3 moles of chlorine per mole 
of thiophene and thereafter cooling the result- 
ing reaction product liquid to a temperature at 
which crystallization takes place and removing 
the crystals of tetrachlorothiolane so obtained. 
3. A method for preparing tetrachlorothiolane, 



comprising reacting thiophene with between 
about 0.5 and about 3 moles of chlorine per mole 
of thiophene ata temperature in the range of 
about 0 ° C. fo about 50 ° C. and thereafter cooling 
the resulting reaction product liquid fo a tem- 
perature at which crystallization takes place and 
removing the crystals of tetrachlorothiolane so 
obtained. 
4. A method for preparing terachlorothiolane, 
comprising reacting thiophene with between 
about 0.5 and about 3 moles of chlorine per mole 
of thiophene at a temperature between about 
20 ° C. and about 30 ° C. and thereafter cooling 
the resulting reaction product liquid to a tem- 
perature at which crystallization takes place and 
removing the resulting crystals of tetrachloro- 
thiolane by filtration. 
5. A method for preparing tetrachlorothiolane, 
comprising reacting thiophene with between 
about 1 and about 3 moles of chlorine per mole 
of thiophene af a temperature in the range of 
about 0 ° C. fo about 50 ° C., adding an inert or- 
ganic s01vent fo the reaction product liquid so 
treated, cooling fo a temperature at which 
crystallization takes place and removing the re- 
sulting crystals of tetrachlorothiolane so ob- 
tained. 
6. A method for preparing tetrachlorothiolane, 
comprising reacting thiophene with about 2 
moles of chlorine per mole of thiophene at a 
temperature between about 20 ° C. and about 
30 ° C, adding petroleum ether to the reaction 
product liquid so treated, cooling fo a tempera- 
ture af which crystallization takes place and re- 

6 
moving the resulting crystals of tetrachloro- 
thiolane. 
7. A method for preparing tetrachlorothiolane, 
comprising reacting thiophene with between 
5 about 0.5 and about 3 moles of chlorine per mole 
of thiophene and chilling the resulting reaction 
product liquid to a temperature below 0 ° C., 
thereby effecting crystallization of tetrachloro- 
thiolane. 
10 8. A method for preparing tetrachlorothiolane, 
comprising reacting thiophene with between 
about 0.5 and about 3 moles of chlorine per mole 
of thiophene ata temperature in the range of 
about 0 ° C. to about 50 ° C. and chilling the re- 
15 sulting reaction product liquid fo a temperature 
of from --30 ° C. fo --70 ° C., thereby effecting 
crystallization of tetrachlorothiolane. 
9. 2,3,4,5-tetrachlorothiolane having the for- 
mul a: 
c( \ci 
tI--C C--lïr 
C(\S / \C1 
25 and having a melting point of about 112 ° C. with- 
in a range of about 2 ° C. 
PHILIP D. CAESAR. 
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